For improving security of any country, satellite images are playing vital role. Vessels detection using SAR imagery is one of the primary requirements for maritime surveillance. In this paper, the algorithm used for vessels detection has four parts. The first part includes pre-processing to reduce speckle noise, second part helps in the reduction of cross polarization by real and complex rotation of the coherency matrix, third part derives a new parameter called variation of degree of polarization (VD) and fourth one is a post processing part to connect region and fill gaps using morphological operation. The proposed algorithm is tested on ALOS PALSAR1 (space borne L band) and UAVSAR (Airborne L band) datasets and yielded promising results with a relatively few false alarms.
INTRODUCTION
Marine vessels detection is one of the important topic for the maritime surveillance. In [1] , [2] the authors followed a statistical approach in which they tried to first model the sea clutter based on different distributions and then they applied an adaptive thresholding based approach by using conventional CFAR algorithm and its different variants. [3] and [4] used a notch filter based approach, to detect all the targets that are other than sea clutter. In [5] the detection of ship is enhanced in compact/hybrid polarization mode as compared to the dual mode. Authors in [6] mentioned two methods in their paper. Using the first method, Optimized degree of polarization (DOP) for each pixel could be obtained by rotating either orientation or ellipticity angle. This is a time consuming method, even though the sampling interval is 1 o . The second method is an analytical method. It treats the problem as an optimization problem, by considering DOP as an objective function with one equality constraint. They showed optimum DOP could be obtained by solving sixth order polynomial equation.
The aim of this paper is to enhance ship detection by using DOP as a physical polarimetry descriptor. DOP is a function of only sea roughness. It is necessary to understand the importance of transmitting and receiving polarization. Different pixels will give us optimum DOP as a combination of different transmitting and receiving polarization. In this paper, an algorithm is proposed to calculate the effective DOP of real and complex rotated coherency matrix. It uses the eigenvalues of the coherency matrix to better detect vessels with less number of false alarms.
This article is organized as follows: section two explains the methodology adopted (Fig. 1) . Section three presents the results and discussion of the proposed algorithm on ALOS PALSAR-1 and UAVSAR. The paper ends with a conclusion and the future work. .
METHEDOLOGY

Fig. 1 Proposed Methodology Flowchart
Steps involved in proposed methodology are listed below:
Step -1 Pre-processing SAR images need to be pre-processed for reducing speckle noise, and in the first step, the image is filtered by 6*1 multi-looking [7] on ALOS PALSAR-1 data to improve its interpretability of image.
Step -2 Real and complex rotation (2A). Coherency matrix (T) -
Real rotation (T (θ)) in 2B, first complex rotation (T (ϕ1)) in 2C, and second complex rotation (T(ϕ2)) in 2D are subsequently performed on symmetrical Hermitian semi-definite matrix known as a coherency matrix (T) [8] , [9] . It will help to reduce cross polarization, which is responsible for the overestimation of the volume scattering.
Step -3 Degree of Polarization and Muller matrix [M]
Degree of Polarization (DOP) is a basis invariant parameter, which shows how much return is distributed in polarized component. For fully polarized wave its value is one and for unpolarised wave its value is zero, in between these two cases a partially polarised wave (0 < DOP <1) exists. 
Step -4 Variation of DOP (VD)
Variation of DOP contains two parts. One part is used to calculate the difference of minimum and maximum DOPE of each pixel (it shows the range of ocean and ship "pixels). Second part uses multiplication of difference DOP with an eigenvalue of coherency matrix, for enhancing vessels pixels as compared to ocean pixels.
Step -5 Post-Processing
The post-processing part includes the morphological operation (dilation), for filling the gaps and connecting the disconnected parts. Apart from it we determine the centroid of vessels to get the centre of the vessel. Figure 4 , and Figure 6 show the output for sub-images of Figure  3 and 5 respectively. Figure 4 , table 2 together indicate that, one vessel is undetected (Highlighted by black rectangle in Figure 3 and yellow circle in Figure 4 ). It is because there is very less space between these two vessels and the post-processing operation, due to which they merged and displayed as one single ship. In Figure 6 , yellow circle and false alarms, which is due to reflection produced by vessels or we can say it happened because of echo produced by vessels. Table 2 and 3 show the vessel detection rates for sub-image A, and sub-image B, which indicate how many vessels are present in input data, number of vessels detected, vessels undetected and false alarms seen in the output image. Table 4 shows the range of maximum and minimum DOP for ocean and ship pixels by taking difference between them. We can see that there is very less difference between ocean pixels among all DOP (generated by taking difference between real and complex rotated T matrix.) as compared to ship pixels, and figure 7 shows its analysis plot. Table 5 shows the eigenvalues corresponding to ocean and ship pixels and their analysis in figure 8 . The difference between them are very small but variation is ocean pixels are more as compared to ship pixels, which is due to differently oriented dipoles. Table 6 shows the variation of DOP (VD) for some ocean and ship pixels and its analysis show in Figure 9 . we can clearly say that, the calculation of VD enables us to better distinguish between ocean and ship pixels. Figure 10 , 11 show a UAVSAR input image and its sub-image respectively. Table 7 contains the description of the UAVSAR input data. Table 9 shows the difference of DOP for ocean and ship pixels among the all DOP. We can see that difference between ranges of ocean pixels is not large as compared to range of ship pixels. Figure 13 shows the analysis of difference DOP for UAVSAR. Figure 14 shows the analysis of variation in eigenvalue of ocean and ship pixels. The Variation of DOP (VD) shows the separation between ocean and ship pixels, and the details are mentioned in table 11, and figure 15 respectively.
RESULTS AND DISCUSSION
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Fig. 7 ALOS1 Ship and ocean pixels [Difference of DOP] analysis
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To explain the results, it may be noted that the vessel pixels in the oceans have high DOP compared to sea pixels, but difference between them is not significant. Increase in difference between their DOP will help us to discriminate between them. Using the proposed methodology, an increase in difference between DOP of ocean and ship pixels is achieved by multiplication of the first eigenvalue of coherency matrix with the difference of minimum and maximum DOP (for vessels and ship pixels) among the real and complex rotated coherency matrix. The algorithm has nearly suppressed all ocean pixels and maintained a significant difference between ocean and ship pixels, which led us to an increase in probability of detection of vessels
CONCLUSION
In the proposed method, the Variation of Degree of Polarization (VD) is shown to be an effective discriminator to distinguish between marine vessels and the ocean surface. The methodology is being tested on a variety of SAR images, and is being extended to distinguish between floating ice blocks and ocean waters, which is a concern for safe movement of cargo vessels.
ACKNOWLEDGEMENT
Authors are greatful to UAVSAR NASA/JPL-Caltech for providing data and authors are would like to thanks JAXA for giving access to ALOS PALSAR data set.
